The objective of this research is to study the relationships between the biomass of the submerged aquatic vegetation, the nutrients, and the primary production in the Condoriri River. Field measurements were conducted to determine variations of physicochemical parameters, biomass, and nutrients in water and aquatic plants during dry and wet seasons. Macrophyte biomass had correlations of negative gradients with electric conductivity (EC) (R 2 =0.33, P<0.03) and phosphorus content (R 2 =0.47, P<0.01). Alkaline pH>7.5 and EC (132.5 µS·cm -1 ) affected the growth of the aquatic plants. The nutrient loads during the wet season were related to high macrophyte biomass. Submerged aquatic vegetation influenced the river metabolism in both seasons. Primary production and macrophyte biomass exhibited a good agreement (R 2 =0.79).
INTRODUCTION
Several investigations of the aquatic vegetation, nutrients and the primary production have been done in many rivers, lakes, wetlands and tidal zones around the world 1) . Among the factors that influence water quality in a river basin, nutrients and submersed aquatic vegetation play a crucial role in the metabolism, primary production and biodiversity maintenance in most of the rivers and lakes. Changes in the phytoplankton, periphyton and macrophyte biomass were estimated in these aquatic ecosystems 2) .
A large body of literature exists on the limnology of streams, but studies have rarely been oriented to obtain information on biomass in tropical rivers 3) . Furthermore, aquatic plants and their relations with nutrients and primary production in glacier rivers and lakes of the Andes have not been widely investigated. There are few studies related with phytoplankton productivity in temperate zones of South America. Factors influencing biomass and nutrient content of the submersed macrophytes were studied in a stream river in Argentina 4) . However, the relationships between the macrophyte biomass, primary production and nutrients in the Bolivian glaciers rivers remain unreported. Aquatic vegetation and nutrients determine the metabolism and influence the water quality. Researches are needed for understanding the present conditions of the aquatic vegetation in the glacier rivers and lakes, and the relationships with nutrients and primary production for the management of the water resources in the future.
South America has more than 99% of the tropical glaciers of the world 5) . Tropical glaciers have been attracting public concerns, since they are particularly sensitive to climate change. Most of those glaciers are suffering rapid retreats, and some of them have already disappeared 6) . In the Central Andes, 80% of the freshwater sources originates from the mountain regions, affecting ecosystems and population downstream 5) . The water is stored initially as ice in the mountains being gradually released because of melting processes and it is the unique water source during the dry season when rainfall is low and even absent. Therefore, we focused in the Condoriri Glacier which is a relevant tropical glacier in Bolivia. Its watershed provides about 44% of drinking water to 20% of the total population of the country. In addition, the Condoriri River basin displays fascinating aquatic ecosystems, composed of rivers, lakes and wetlands 7) , with abundant biodiversity compared to other surrounding areas as the arid Altiplano. Aquatic plants in the stream river and the lakes of this basin control the metabolism in the river and influence the water quality.
Field measurements were done to determine variations of macrophyte biomass, primary production, physicochemical parameters, and nutrients in water and aquatic plants during dry and wet seasons in the Condoriri River. This study aims at investigating the relationships between the biomass of the submersed aquatic vegetation, the physicochemical parameters, the nutrients, and the primary production to identify those factors that influence biomass and consequently, primary production.
STUDY AREA
The Condoriri River basin is located 37 kilometers northwest of La Paz city in Bolivia. It is situated between 4400 m and 5300 m above sea level, in the Cordillera Real of the Andes. The basin has an area of 22.6 km 2 . The river originates from the glaciers on the upper most reaches of the basin, and flows towards the downstream end of our research area. Fig.1 shows the map containing the sampling points of this study. The Condoriri River basin is composed of the mainstream and three lakes (Khellual Khota, Chiar Khota, and Kallan Khota). The rocks of this watershed are composed of quartz grains, siderite, hematite, apatite, monazite, plagioclase, portlandite, calcite, gypsum, muscovite, clinochlore, hauyne, and lithic grains 8) .
The Condoriri River basin is characterized by a marked seasonality of precipitation and cloud cover with a wet season associated with intense solar heating of the Altiplano surface (September-April), and a dry season with clear skies during winter (May-August) 9) . Based on the observations from September 2011 to August 2012 10) , the total precipitation during wet and dry seasons was 624 mm and 19 mm, respectively. During the wet season, frequent precipitation occurs as often as 15 days/month with an average of 5.5 mm per day of precipitation. However, there were only eight days that had precipitation during the four months of the dry season. The averages of solar radiation during dry season (May-August) and wet season (September-April) were 510.6 ± 58.6 W·m -2 and 384.3 ± 79.8 W·m -2 , respectively. The aquatic vegetation in the Condoriri River is mainly composed of macrophytes like in most of the highland aquatic ecosystems in the Andes 11) .
MATERIALS AND METHODS
Seven sampling points were set in the Condoriri River (P1-P7) as shown in Fig.1 and Fig.2 . The field work was conducted to measure physicochemical parameters in the stream water and to take samples of water and aquatic plants from the main river. This was repeated at the same locations during dry season (July, 2012 and August, 2013) and wet season (February, 2013) . In situ parameters like electric conductivity (EC), pH and temperature were measured using a multi-parameter portable water analyzer (Multi 3420, Xylem). Discharge was measured for the estimation of the transport of nutrients in the river at three points (hydrometric station 1, P1 and P4).
For the analysis of total nitrogen (TN), total 
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organic carbon (TOC) and total phosphorus (TP), a 50 ml aliquot of unfiltered water sample was stored in a plastic bottle previously washed with water sample. The samples were transported and stored at 4°C in order to prevent biological reactions. TOC was determined by 680°C combustion catalytic oxidation method using a TOC analyzer (TOC-L, Shimadzu). TN and TP were measured using a TN-TP auto-analyzer (SWAAT, BL TEC K.K.)
In order to estimate primary production, dissolved oxygen and water temperature were recorded continuously during February ( ) at the points P1 and P6 in 2013. Both parameters were measured using two dissolved oxygen and temperature loggers (HOBO ® Dissolved Oxygen Logger U26-001) with a 10 minutes temporal resolution and in water depth of 0.5 m. The equation proposed by Bührer (1975) was used to estimate the net production rate 12) .
For the phytoplankton analysis, 10 liters of water were collected in a plastic bottle at all sampling points in the river and were fixed with Lugol's acidified solution. The Utermӧhl method was applied using an inverted microscope in order to study the species composition of phytoplankton.
For the determination of the biomass, macrophytes were harvested from a quadrat of 50×50 cm 2 by hand 13) , from all the monitoring points (P1 to P7) in July (2012), February (2013) and August (2013). In the laboratory, plants were cleaned to remove sediments and macro invertebrates, separated by species, dried to constant mass (at 40°C) and weighed.
In order to estimate the total area of vegetation coverage in the river, we used satellite image (Google Earth) to measure the total area of the river. We roughly measured the area of each aquatic plant species along the river (from the base of the glacier to the end of our study area). By adding all the river areas covered with macrophytes, we estimated the total area of aquatic vegetation in the river. The measurements were conducted in July (2012), February and August (2013). The analysis of nitrogen and phosphorus in plants were carried out using the micro Kjeldahl and the ascorbic acid methods 14) . Mean and standard deviation (S.D.) of the parameters were calculated. ANOVA was used to analyze linear regression between macrophyte biomass and the parameters measured in this study. Table  2 . A good agreement (R 2 =0.79) between net primary production and macrophyte biomass was found as shown in Fig.8. 
RESULTS AND DISCUSSIONS (1) Results a) Aquatic vegetation and biomass

(2) Discussions a) Biomass and physicochemical parameters
The relationship between macrophyte biomass and pH shown in Fig.4 (a) indicates that alkaline pH influenced negatively on the aquatic plants. In the river of our research, macrophyte biomass was low (less than 100 g·m -2 ) at pH > 7.5 at most of the points where the measurements were done. Some researchers found that alkaline pH decreased the growing of the aquatic vegetation 15) . High pH limitation seems to be caused by a metabolic inhibition. In some studies a metabolic feedback mechanism was observed with a decrease in the steady-state dilution rate when the threshold pH was exceeded 16) . The relationship between biomass and water temperature is shown in Fig.4 (b) . Water temperatures varied from 4.9°C to 12.1°C at the points where we observed submerged aquatic plants. High temperature increases the growing of the macrophytes influencing on the metabolic reactions by controlling the enzymes activity. On the other hand, water temperature is closely related to solar radiation. Some authors pointed out the high influence of the interactive relationship between solar radiation and water temperature over biomass 17) . In this study, we found significant seasonal ( ), high conductivity (302 µS·cm -1 ), and pH (8.6-8.7) decreased the macrophyte growth. Only a few species could live in this slightly alkaline waters. In a previous research of ours 19) , Cl -and Na + . Those ions exhibited greater concentrations at the effluent water from the glacier, due to weathering and dissolution processes. The weathering of gypsum, carbonates and silicates increased the water concentrations of the ions mentioned above.
b) Biomass and nutrients
The relationship between biomass and water velocity and the transport of organic carbon and nutrients are shown in Fig.5 . A low correlation was found between biomass and water velocity. Some authors pointed out that increments of water velocity decreased macrophyte biomass. Particularly, water velocity values higher than 1 m·s -1 were responsible for the lack of the aquatic vegetation 20) . In our study, the highest water velocity was 0.8 m·s -1 and the increment of this factor had a small effect on the macrophyte biomass.
Nutrient loading is related to the increment of the biomass 21) . High transport of nutrients and more biomass were found in the wet season of February in 2013. Fig.5 (b) , (c) and (d) exhibited generally higher transport of TOC, TN and TP during wet season than dry season. However, TOC load was slightly lower at 3 km during wet season than dry season, and the transports of TN and TP exhibited close values in both seasons at this measuring point. This phenomena seems to be caused by the presence of Lake Chiar Khota. This lake regulates the discharge and controls the availability of nutrients.
According to the results shown in Fig.6 (b) , macrophyte biomass exhibited an inverse variation with the phosphorus content in plants. Macrophyte biomass also showed an inverse variation with the nitrogen content during dry season in July (2012) and August (2013), as shown in Fig.6 (a) . These relationships could be explained by the nutrient availability in water and sediments. Phosphorus and nitrogen are considered limiting nutrients in plants growth. Loads of TP and TN were lower than the transport of TOC. Less availability of TN and TP in water affected the phosphorus and nitrogen content in plants and may, therefore, explain the inverse relationship with biomass. c) Primary production and biomass Fig.7 shows the variations of net primary production and ecosystem respiration in the wet season of February and the dry season of August in 2013. The effect of the ecosystem respiration over primary production was evident in winter and insignificant in summer. On the other hand, net primary production was clearly higher during wet than dry season. Light availability, water temperature, nutrients, discharge and water level may influence the photosynthetic activity of the aquatic plants in the river 22) .
Primary production was closely related to the presence of macrophytes. A good correlation (R 2 =0.79) between net primary production and macrophyte biomass is shown in Fig.8 . Net primary production and the biomass of the aquatic plants were higher during wet than dry season ( Table 2) . Indeed, macrophytes affected the ecosystem metabolism of the river.
CONCLUSIONS
The evidence coming from field measurements and the empirical relationships presented in this study could lead to improve predictions of the macrophyte biomass variations under extreme seasonal variability which is the principal characteristic of the tropical glacier ecosystems. To summarize the above findings: 1) Primary production and macrophyte biomass exhibited a good agreement (R I_232 TN (9.7 kg·day -1 ) and TP (7.9 kg·day -1 ) were measured during the wet season, likely to be caused by the extreme difference of the total precipitation (624 mm during rainy season and only 19 mm during dry season). Further the influence of Lake Chiar Khota on the transport of TOC, TN and TP was observed at 3 km. 5) Our findings enhanced the understanding of the impact of physical and chemical factors in the submerged aquatic plants. Macrophytes exhibited a close relationship with the river metabolism and may therefore, affect water quality in the Condoriri River basin. The results of this study can be used as basis information for present and future modeling of the river system. Predictions on macrophyte growth and the changes of water quality will be useful to take decisions concerning future management of the water resources in this unique ecosystem.
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